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(54) Method for Installing a scrolled resilient sheet alongside the inner surface of a fluid conduit 

(57) A scrolled resilient sheet (3) is instaHed against 
the inner surface (4) of a fluid conduit (1) using a carrier 
tod (5) from which a resilient sheet having an average 
thickness nrxxe than 2 mm and an elastic a pseudoe- 
lastic recoverable strain of at least 0.6% is released so 
that the sheet e9q;>and8 with an expansion forse which ts 
sufficiently high to aUow the sheet to press itseH into 
place alongside the inner surface of the conduit and to 
remain in place after installation. 
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Description 

Baekaround o f the Invention 

[0001 ] The invention relates to a method for installing 
a saolled resilient sheet alongside the inner surlace of 
a fluid oonduK. 

[0002] It is known from US patent &pecificatk)ns 
4,501 ,327 and 5.040.283 to scroll a sheet around a car- 
rier tool and then move the carrier tool carrying the 
scrolled sheet through the corxluit towards a locatkxi 
where the resilient sheet is to be installed, whereupon 
the sheet is released from the carrier tool and alkswed to 
expand towards the inner surface of the conduit. 
[0003] US patent spec(fk:atk)n 5.040.283 empk>ys a 
sheet made of a memory metal which expands as a 
result of a tenrperature Increase. A drawback of this 
method is that memory metals are expensive and are 
not readily available in large sheets. 
[0004] US patent spec(lkatk)n 4.501 .327 diseases 
the use of spring steel or aluminium as a resilient mate- 
rial, whfch materials have an elastk; strain whk:h is 
0.55% or less (0.2% for aluminium) and that a suitable 
tNckness tor the sheet material is approximatety 3/64 
inch (-1,2 mm). 

[0005] In this known method the resilient material is 
pressed against the wall of the oondut when the carrier 
tool is pulled back through the expanded sheet. 
[0006] Drawbacks of this known method are that a rel- 
atively thin sheet material is used whteh can be easily 
damaged and which has a resiliency which is only suffi- 
dent to unscroil the sheet but whk^h does not Muce the 
sheet to press itself into place alongstie the inner wall 
of the conduit so that a final pressing step is stall 
required. 

[0007] It is believed that the tow wafl thtakness of the 
known alunrinium or spring steel sheets and the rela- 
tively tow expanston force are associated with the tow 
elastic strain capacity of the materials used. 
[0008] K is an object of the present invention to elimi- 
nate these drawbacks and to provtoe a method tor 
installing a scrolled resilient sheet atongside the inner 
surface of a fliBd conduit whtoh aOows the use of a rela- 
tively thkit and robust sheet whtoh is not easily dam- 
aged after instailatton and whk:h does not require the 
step of pressing the sheet atongstoe the wall of the con- 
duit by means of an expanston tod. 

Summary of the Inventton 



lation and to remain in place after installation. 
[001 0] When used in this spedf cation the temi elastic 
strain refers to the yield stress-Mjung's modulus ratio for 
materials which have a yieto point like many carbon 

5 steels have, or the proof stress-Young's modulus ratio 
for materials which do not have a yieW pdnt If the elas- 
tic strain is expressed as a percentage then sato ratio's 
are to be muKiptied by a factor of 100. 
[001 1 ] Prefa-ably ttie resilient sheet has an average 

10 wall thickness of at least 3 mm and is made of a titanium 
altoy having an elastic modulus not more than 115.000 
MPa and a proof stress of at least 825 MPa, so that the 
elastic strain is more ttwi 0.75% 
[001 2] It is also preferred that ttie resilient sheet mate- 

15 rial has an average wall thtokness of at least 4 mm and 
is made of a Ti-6AI-4V alloy. 
[001 3] The sheet may be a rectangular sheet without 
pertorations whtoh is used to provtoe a seal or a patch of 
an area where ttie waB of the conduit has been njp- 

20 tured. damaged or eroded. Alternatively the fluid con- 
duit is formed by an infkw region of a hydrocarbon 
production well and the sheet is perforated at regular 
intervals and is installed atongside the inner surface of 
tt)e weUbore to serve as a weilscreen. 

25 [P014] If the sheet is to be scrolled to a very small 
diameter, for example if it is to be moved ttvough con- 
strictions in the conduit ttien it can be beneficial to use 
a pseudoelastic aUoy as sheet material. Suitable pseu- 
doelastic altoys are Ti-16V-3AI-6Zr and TiNi. 

30 

Rri«f Descriotion of ttie Drawtnos 

[0015] These and further features, objects and advan- 
tages of ttie mettxxj according to ttie invention will be 
35 more fully appredated by reference to the tollOMnng 
detailed description of a prefen'ed embodiment of the 
invention which shouW be read in oonjunctton witti ttie 
accompanying drawings in whfeh: 
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[0009] Toward provtoing ttiese and ottier advantages 
the mettiod according to the present invention emptoys 
a resilient sheet which has an average wall ttik^ness of 
at least 2 mm and an elastk; or pseudoelastto recovera- 
ble strain of at least 0.6% so as to induce the scrolled 55 
sheet to expand witti an expanston torce which is suffi- 
dentiy high to allow ttie sheet to press itself into place 
atongside ttie inner surface of ttie conduit during instal- 



Fig. 1 is a schematic stoe elevational view of a resil- 
ient sheet which is being placed instoe a conduit in 
ttie torm of a vertical underground borehde: and 
F=ig. 2 is a side view of an unscrdled resiUent sheet 
¥vhich comprises drcumferiential slots so ttiat ttie 
sheet can be used as a wellsaeen. 

Detailed Desfiffition of ttie Pfftferred Embodiment 

(001 6] Referring now to Fig. 1 ttiere is shown a vertteal 
wellbore 1 traversing an underground famation 2 and a 
resilient sheet 3 which is unsadling itself against ttie 
wail 4 of the wellbore 1. 

[0017] The sheet 3 has been lowered into ttie welbore 
1 using a carrier tool 5 which is suspended on a wireline 
6. 

(00181 The carrier tod 5 and wireline 6 are shown in 
ttie drawing in dotted lines. 

[001 9] Betore towering ttie carrier tool 5 into ttie well- 
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bore 1 the sheet 3 is saolled around the tool 5 and fixed 
to the tool 5 using tack welds and/or clips. When the tool 
has an-ived at the location where the sheet 3 is to be 
installed the tack wekfe and/or dips are released, for 
example using explosive d^ices which shear off the 
tack welds and/or dips. 

[0020] The resilient sheet 3 has a thickness of at least 
2 mm and an elastic strain of at least 0.6% which allows 
the sheet to deveksp a high expansion force so that it 
expands and presses itself into place against the wall 4 
of the welbore 1 and to remain in place after installation 
even if the pore pressure of the surrounding formation 2 
is higher than the fluid pressure within the welbore 1 . 
[0021] When seen in circumferential Erection, the 
ends of the resilient sheet 3 forni flaps 7 where the 
sheet 3 has a reduced wall thickness. The circumferen- 
tial length of the sheet 3 will be choeen sfightly larger 
than the circumference of the wall 4 of the weObore 1 
such that the flaps 7 will at least partly overiap if the 
resilient sheet 3 has been expanded against said waD 4. 
Thus the flaps 7 will aeate a shut-off for leaks and will 
aeate a smooth and almost seamless internal bore of 
the expanded sheet 3. To improve the sealing a further 
sleeve (not shown) of celtular rubber may be r^ced out- 
side the outer flap 7. This sleeve shoukd be bonded 
afong an axial line, but not around the circumference of 
the flap 7. This is because the rubber has to stretch on 
unsaoiflng, and must therefore slide over the flap 7 
which does not stretch. The interface may be lubricated. 
[0022] In the assembly shown in Fig. 1 the flaps 7 are 
not taken into account for determinatfon d the average 
wall thickness of the sheet 3. In accordance with the 
inventfon the average wall thtekness d the sheet3isat 
least 2 mm whereas the wall tNckness of the flaps 7 
may be less than 2 mm. Thus, when used in this sped- 
ficatfon. the term average wail tNckness of the sheet 
denotes the wall thk:kness of any parts of the sheet 3 
other than the flaps 7 and locations where the sheet 3 is 
perforated. 

[0023] The maxinum average wall thidvtess T of a 
sheet 3 that will fully elastically unsaoU can be esti- 
mated on the basts of the formula: 



T/d - T/D < Y/E 



where: 

di: 
0> 
Yi 



the scrolled diameter of the sheet 

the relaxed diameter of the sheet 

the yieU or proof stress of the sheet material: 

and 

the elastic modulus of the sheet material. 



[0024] By virtue of its high elastk: strain, viz. at least 
0.e% resulting from the combinatfon d low elastic or 
Young's modulus (preferably not more than 115.000 
MPa) and high proof stress (preferably at least 825 
MPa) the sheet according to the invention can have 



larger wall thickness than conventional resiiients 
sheets. Titanium alloys having an elastic modulus less 
than 150.000 MPa are partfoularly suitable for use in the 
sheet according to the inventfon. A Ti alloy grade 5 

5 sheet having an average wall thkioiess of 4 mm can be 
used for a 7" (17.5 mm) casing repair. A ri-22V-4AI alloy 
sheet having an elastic modulus of 82 MPa and thermo- 
mechanically processed to achieve a proof stress of 720 
MPa or greater can be used for the same repair with an 

w average wall thickness of 5 mm. 

[0025] Further, some metastable beta-trtanium alloys 
such as Ti-16V-3/M-8Zr with appropriate themrxxne- 
chanical processing exhfoit pseudoelastidty to an 
extent that woufo permit an average wall thkioiess 

IS between 11 and 13 mm. TirsfiwouM permit even greater 
waO tNdaness. These pseudoelastk: aUoys can also be 
used to permit scrdling to a smaller diameter when the 
sheet has an average wall tNdoiess of several milSme- 
tres to allow tnstallatfon through constnctfons. such as 

20 through^tubing operations an oil or gas productfon 
well. 

[0026] The large average wan thkAness of the sheet 3 
is not only useful for creating a robust scroll but also for 
enhancing the spring force with whk:h the sheet 3 
26 unscrdls and presses itself against the wall 4 of the 
welKwrel. 

[0027] Refening now to Fig. 2 there is shown a view 
of an unscrofled sheet according to the inventfon where 
the sheet forms a well saeen 10 whfoh contains efon- 

30 gate drcumferentialsfots 11 that are ananged in sub- 
stantially parallel rows both axiafly and drcumferentially 
aaossthe screen 10, with no stagger between the rows 
of slots. The perforations are also tapered (not shown) 
ffi racfial directfon so that the smallest width of the perfb- 

35 ratfons is tocated at the outw surface Of the Sheet when 
the sheet is sadled. 

[0O28] The tapered shape of the sfots 1 1 sen/es to 
avoki that sand partides which may enter the slots 11 
coukj become stuck partway in the slots 1 1 . 

40 [0029] Circumferential unstaggered slote 11 are pre- 
ferred to holes a non-circuntferential dots because the 
operatfon of scrdGng and unscroOing can be perfonned 
with minimal stress cofKen tia tion s in the screen mate- 
rial, while retaining maxinum spring force, strength stkI 

45 stiffness. 

[0030] The snrdled wellsaeen shown in Rg. 2 can 
also be covered, preferably at the outer surface, with f il- 
ter material. Optionally the filter material can be sepa- 
rated from the surface of the saeen 10 by a drainage 
so layer, for example coarse woven wire, so that the fluid 
passing through the filter layer not invnediate opposite a 
slot 11 in the scrdi can flow to the sfot 11 through the 
drainage layer. 

[0031 ] The filter and drainage layers can be made of 
ss scrdled sheets of filter and drainage material whteh sur- 
round the saeen 10. The sheets of the saeen 10 and d 
the filter and drainage layers can be provided with end 
flaps where the sheet has reduced thk*ness in the 
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same way as shown in Fig. 1 in oider to aeate a seam- 
less screen when the assembly of the saeen 10 and 
suaouiding filter and drainage layers unscrolls itsetf 
against the wellbae or perforated production liner. The 5. 
wellscreen can thus press itself directly against the well* 5 
bore or perlorated production liner, without an interven- 
ing annutus, thus obviating the need for gravel packing, 
thereby reducing the risk of erosion and stabilizing the 
formation. 

[0032] If desired, the overlapping ends of the sheet or 10 6. 
screen may be maintained in a fixed position relative to 
each other once the sheet has been expanded and 
installed wrtNn the conduit or welftwe. This may be 
achieved by welding or bonding the ends to each other, 
or by providing the overlapping ends with axial k>cking is 7. 
grooves or with ratchet profBes that alk)w unsaolling but 
prevent re^scrolling of the sheet or saeen. 

Claims 

20 

1. A method for installing a scrolled resilient sheet 

afongside the inner surface of a flukj conduit, the 9. 
nwthod comprising the steps of: 



vals and is installed alongside the inner surface of 
the welbore to serve as a wellsaeen. 

The method of claim 4, wherein the perforations 
cortsist of efongate circumferential sk)ts which are 
anBnged in substantially parallel rcMvs both axially 
and drcumferemially across the sheet, with no 
stagger between the rows of slots. 

The nriethod of claim 4. wherein the perforations are 
tapered in radial direcbon such that the smallest 
width of the perforatfons is located at the outer sur- 
face of the saotled resilient sheet. 

The nf>ethod of claim 1, wherein the resilient sheet 
has a thickness of at least 5 mm and is made of a 
peeudoeiasticafloy. 

The method of daim 7, wherein the aHcy is solution- 
treated Th 1 6V-3AI^. 

The method of claim 7, wherein the alloy is TiNi. 



- saoOing the resflient sheet and securing the 2s 
scrolled sheet to a carrier tool such that the 
earner tool carrying the scrolled sheet can be 
moved through the conduit: 

• moving the canrier tool to a kxatfon in the con- 
duit where the resilient sheet is to be installed; 30 
and 

- releasing the resident sheet from the carrier 
tool thereby alkywing the resaient sheet to 
6)9>and towards the inner surface of the con- 
duit ^ 

wherein the resilient sheet has an average wall 
ttvdviess of at least 2 nvn and an elastic strain a a 
pseudoelastic recoverable strain of at least 0.6% so 
as to induce the scrolled sheet to expand with an 40 
expansion force whfoh is sufficiently high to aflow 
the sheet to press itself into place akxigside the 
inner surface of the conduit durir^g installatfon and 
to remain in place after installatfon. 

45 

2. The method of daim 1 . wherein the resilient sheet 
has an average wait thidviess of at least 3 mm and 
rs made of a titanium alloy having an elastic nxxju- 
lus not more than 115.000 MPa and a proof stress 
of at least 825 MPa. so 



3. The method of daim 2, wherein the resilient sheet 
material has an average wall thickness of at least 4 
mm and is made of a T1-6A1-4V alloy. 

4. The method of claim 1 . wherein the fluid conduit is 
formed by an inf tow regton of hyclrocart)on produc- 
tion well and the sheet is perforated at regular inter- 



4 



EP0 899 420 A1 




5 



EP0 899 420 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcallon Numb«r 

EP 97 30 6555 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indtcalKXi. where appropriate, 
of retevam passages 



Relevant 
to Claim 



CLASSIFICATION OF THE 
APPLICAHOW (IntCl.fl) 



US 2 812 025 A (J.U. TEAGUE ET AL) 5 
November 1957 

♦ column 2, line 71 - column 7. line 15 * 

♦ figures 1-7 * 

US 5 040 283 A (PELGROM JACOB J) 20 August 
1991 

♦ the whole document ♦ 

US 1 380 182 A (R.J. BIGELOW) 31 May 1921 

* the whole document ♦ 

EP 0 024 157 A (JOHNSTON CONSTR LTD 
.JOHNSTON PIPES LTD (GB)) 25 February 1981 

* page 4, line 15 - page 6» line 15 ♦ 

* figures 1-4 * 



The present search report has been drawn up lor alt claims 



E21B43/10 
F16L55/162 
E21B43/08 
E21B29/10 



TCCHNICAL FIELDS 
SEARCHED (lnta.6> 



E21B 

F16L 



THE HAGUE 



22 January 1998 



Schouten, A 



CATEGORY OF CITED OOCUMEMTS 

X : parbcuarty rtiavtnt i tawn atom 

Y particularly ralavant i comtMrwd wth onomof 

docunwit of th« aanw cato^ory 
A . t«ctno(ogical backgrouxl 
0 : nor»-w(W*n 4»elMura 
P . vtanntdlatt docunwrt 



T . Ihaory Of pnncpla und«rty«ig th« invantioo 
E : avftr patani docunart. but puDlaiwd on. or 

ariar tha Mmg data 
0 : documart dtad in tha apptcation 
L . docunaitt cttad tor offw raaaons 

a : (TKarrtjar o( tha »ama patart (am»y. corraapooding 
documant 



6 



EP0 899 420 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 97 30 6555 



ThB annex lists the patent tamiiy memt^rsreiaUng » the pawn! documents cited in the at)ovo-fneniioned European March report 

The memt)ers are as contained in the European Patent Offtce EDP He on ^,r^ ^ Mf^»t^ 

The European Patent Office is »i no way iiaD»e »or these parttcutars whch are merety fltven fa the p**pose of »rtormation. 

22-01-1998 



Patent document 
cited in search report 



PuPtication 



Patent family 
member(8) 



Publication 
date 



US 2812025 A 
US 5040283 A 



05-11-57 



20-08-91 



US 1380182 A 



31-05-21 



EP 0024157 A 



25-02-81 



NONE 



CA 1320437 A 

CN 1040859 A, 8 

EP 0360319 A 
NO 180460 B 



20-07-93 
28-03-90 
28-03-90 
13-01-97 



NONE 



GB 

US 



2055929 A, 8 
4347018 A 



11-03-81 
31-08-82 



S; For more 



details about this annex : see Ofliciai Journal of the European Patent Office. No. 12/82 



7 



